
American Journal of Epidemiology

ª The Author 2009. Published by the Johns Hopkins Bloomberg School of Public Health.

All rights reserved. For permissions, please e-mail: journals.permissions@oxfordjournals.org.

Vol. 169, No. 4

DOI: 10.1093/aje/kwn398

Advance Access publication January 19, 2009

Original Contribution

Built Environment and 1-Year Change in Weight and Waist Circumference in
Middle-Aged and Older Adults

Portland Neighborhood Environment and Health Study

Fuzhong Li, Peter Harmer, Bradley J. Cardinal, Mark Bosworth, Deborah Johnson-Shelton, Jane

M. Moore, Alan Acock, and Naruepon Vongjaturapat

Initially submitted May 11, 2008; accepted for publication September 18, 2008.

This study examined neighborhood built environment characteristics (fast-food restaurant density, walkability)
and individual eating-out and physical activity behaviors in relation to 1-year change in body weight among adults
50–75 years of age at baseline. The authors surveyed 1,145 residents recruited from 120 neighborhoods in
Portland, Oregon. During the 1-year follow-up (2006–2007 to 2007–2008), mean weight increased by 1.72 kg
(standard deviation, 4.3) and mean waist circumference increased by 1.76 cm (standard deviation, 5.6). Multilevel
analyses revealed that neighborhoods with a high density of fast-food outlets were associated with increases of
1.40 kg in weight (P < 0.05) and 2.04 cm in waist circumference (P < 0.05) among residents who visited fast-food
restaurants frequently. In contrast, high-walkability neighborhoods were associated with decreases of 1.2 kg in
weight (P < 0.05) and 1.57 cm in waist circumference (P < 0.05) among residents who increased their levels of
vigorous physical activity during the 1-year assessment period. Findings point to the negative influences of the
availability of neighborhood fast-food outlets and individual unhealthy eating behaviors that jointly affect weight
gain; however, better neighborhood walkability and increased levels of physical activity are likely to be associated
with maintaining a healthy weight over time.
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Editor’s note: An invited commentary on this article ap-
pears on page 409, and the authors’ response is published
on page 413.

The obesity epidemic in the US population has become
the nation’s fastest growing health threat (1, 2). Overweight
and obesity are associated with numerous diseases and neg-
ative health conditions, including hypertension, osteoarthri-
tis, type 2 diabetes, coronary heart disease, and stroke (3, 4),
and the attendant problems have a significant impact on the
US health care system (5–7). Fundamentally, obesity is the
result of complex interactions among genetic, behavioral,
and environmental factors (8). That is, being overweight is
associated with not only genetic predisposition and obesity-
related individual behaviors but also built environment fac-
tors such as location of residence, resources, walkability,

land use, sprawl, and transportation (9–19). Because it is
such a critical public health issue, research has begun to
focus on the role that the built environment plays in mod-
erating caloric intake and expenditure (20–22).

To date, the vast majority of studies examining the built
environment and obesity have used cross-sectional research
designs. As a result, relatively little is known about how
person and built environment characteristics relate to weight
change over time. This study addresses the person and en-
vironment interaction question by considering both an obe-
sogenic environment (i.e., fast-food restaurant distribution)
and an environment conducive to healthy living (i.e., neigh-
borhood walkability). Current evidence suggests that certain
types of urban form, such as sprawl and lack of street
connectivity, are associated with the likelihood of being
overweight or obese (9–12), whereas high-walkability
neighborhoods are associated with a decreased likelihood
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of being obese and a high level of physical activity (12).
Furthermore, emerging evidence suggests that built environ-
ment factors may act as modifiers of the person-obesity re-
lation (11, 13). Thus, from a public health perspective,
understanding how environments promote unhealthy eating
and/or encourage physical activity is critical when making
urban planning and public health decisions to ameliorate the
obesity epidemic.

Building on evidence from prior research (9–13, 15–17,
19), we examined neighborhood-level variables of fast-food
restaurant density and walkability as effect modifiers in the
relation between individual behavioral indicators (i.e., eat-
ing out at fast-food restaurants, engaging in physical activ-
ity) and change in body weight and waist circumference in
a community sample of adults 50–75 years of age in 2006–
2007. We selected this age cohort because the population
included immediate pre–baby boom/early–baby boom gen-
erations, which will become the major demographic related
to health care utilization in the next 20 years. We hypothe-
sized that, in neighborhoods with high densities of fast-food
outlets, there would be a positive relation between eating out
frequently at local fast-food restaurants and increases in
weight and waist circumference. In contrast, it was pre-
dicted that, in high-walkability neighborhoods, there would
be a negative relation between engaging in physical activity
and weight and waist circumference.

MATERIALS AND METHODS

Study design and sample

Study design and subject recruitment procedures for the
Portland Neighborhood Environment and Health Study have
been described elsewhere (12). Briefly, the study used a pro-
spective, multilevel design (details below) that enabled ex-
amination of how the built environment may influence
levels of obesity and physical inactivity in a large population
of community adults. In 2006–2007, 1,221 individuals aged
50–75 years were recruited from a defined sampling frame
of the Portland, Oregon, metropolitan region’s urban growth
boundary.

The study cohort participated in a baseline health survey
(2006–2007) and continues to participate in annual follow-
up surveys. Subjects were paid $15–$20 for their participa-
tion, plus reimbursement for transportation. Retention at the
first follow-up (2007–2008; mean follow-up ¼ 11.5
months) was 94% (n ¼ 1,145) (656 men, 489 women). Of
those not included in the current study (n ¼ 76), 41 de-
clined, 8 moved out of the study area, 9 died, and 18 could
not be reached to complete the surveys. There were no dif-
ferences between those included in the current study
(n¼ 1,145) and thosewhowere not (n¼ 76) from the original
cohort (N ¼ 1,221) with respect to gender, age, education,
body weight, and waist circumference. However, participants
had a higher self-reported health status (mean ¼ 2.44; excel-
lent ¼ 5, poor ¼ 1) than nonparticipants did (mean ¼ 2.16).
All participants gave their written informed consent, and the
study protocol was approved by the institutional review board
of the Oregon Research Institute.

Sampling methods

The primary sampling unit was block groups. The sample
was selected by using a stratified, 3-stage, proportional-to-
size cluster sample method. The first stage involved the
selection of census block groups (used as proxies for neigh-
borhoods). The total number of block groups (N ¼ 789)
within the urban growth boundary was first stratified on
the basis of neighborhood land-use mix (high, low), socio-
economic status (high, low), and ethnic mix (African
American vs. other). This 2-by-2-by-2 stratification matrix
resulted in 8 total strata, from which 15 block groups were
randomly drawn from each stratum, resulting in 120 block
groups (neighborhoods). In the second stage of sampling,
individual households within these selected neighborhoods
were randomly drawn. Proportional allocation was used in
this stage to determine the size of the resident sample in
each neighborhood, with numbers varying from 5–8 resi-
dents for small population block groups to 9–21 residents
for medium-to-large population block groups. In the last
stage, one eligible study participant within each selected
household was chosen. Inclusion criteria were 1) English
speaking, 2) age 50–75 years, 3) no sign of significant men-
tal deficit (23), and 4) able to walk (including cane use). The
overall study response was 48%, which reflects the general
response rate in survey-based studies (10). There were no
major differences between responders and nonresponders
with respect to sociodemographic characteristics at either
the resident or neighborhood level.

Study procedures and data collection

Participants were initially contacted via telephone inter-
views, followed by a face-to-face interview either at the
research office or at home. Data were collected in the form
of 1) anthropometric measures of body weight, height, and
waist circumference; 2) responses to survey questionnaires
including demographic information, health status, dietary
intake, and physical activity measures; and 3) geographic
databases and census data. Both resident- and neighborhood-
level data at baseline were collected in a series of waves
between 2006 and 2007, and follow-up resident-level data
were collected between 2007 and 2008. All resident-level
data were collected by trained research assistants per estab-
lished protocols.

Body size measurements

At baseline and follow-up, anthropometric measures of
body weight (in pounds; 1 pound ¼ 0.45 kg), height (in
inches; 1 inch ¼ 2.54 cm), and waist circumference (in
inches) were obtained from the study participants. Weight
was measured by using either a balance or a digital scale
while participants stood in stocking feet and light clothing.
Scales were calibrated annually. Waist circumference was
measured with a measuring tape placed at the level of the
umbilicus. All measures were converted into metric equiv-
alents prior to data analyses. In the current study, changes in
weight (kilograms) and waist circumference (centimeters)
were calculated as the difference from baseline to 1-year
follow-up.
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Physical activity

Behavioral Risk Factor Surveillance System survey ques-
tions were used (24) at baseline and follow-up to assess the
frequency (number of days) and duration (in minutes) of
weekly moderate and vigorous physical activity. Moderate
activities were defined as engaging in, for at least 15 minutes
at a time, activities such as briskwalking, bicycling, vacuum-
ing, and gardening that led to some increases in breathing
or heart rate. Vigorous activities were defined as engaging
in, for at least 10 minutes at a time, activities such as
running, aerobics, and heavy yard work that produced large
increases in breathing or heart rate. Values of physical activ-
ity measures were multiplied to provide the total number
of minutes of each activity in a usual week (7 days). Change
in physical activity (in minutes/week) was calculated by
subtracting baseline from 1-year follow-up values, with
positive scores indicating increases in physical activity and
negative scores indicating decreases in physical activity.
The change scores for the 2 levels of activities were then
defined categorically (2 levels) as values �75th percentile
of change (range: 90–770 minutes/week for moderate activ-
ities, 15–554 minutes/week for vigorous activities) or below
(range: ÿ700 to 0 minutes/week for moderate activities,
ÿ650 to 0 minutes/week for vigorous activities).

Eating-out behavior

At each assessment (i.e., baseline, follow-up), partici-
pants were asked 2 questions about their weekly visits to
local fast-food restaurants: 1) ‘‘How often do you eat food
from a place like McDonalds, Burger King, KFC, Pizza Hut,
or some other fast-food restaurant?’’ and 2) ‘‘How often do
you go to buffet-type restaurants?’’ These items were mea-
sured on a 6-point Likert-type scale, with 1 ¼ never, 2 ¼

less than once per week, 3 ¼ 1–2 times a week, 4 ¼ 3–4
times a week, 5 ¼ 5 times a week, and 6 ¼ every day. For
the purpose of analysis, a binary score for eating out at fast-
food restaurants was created across the 2 assessments. Par-
ticipants were considered as having made frequent visits if
they responded 3 or higher on either question (i.e., 1¼ �1–2
times/week). Participants were considered as having made
no regular visits (i.e., 0 or less than once per week) if they
responded 1 or 2 for both questions.

Fast-food restaurants

Commercial business establishment data within the
study’s geographic area were purchased (www.infousa.com).
The data set, dated up to 2006, included names, addresses,
and types of fast-food restaurants. Information on food-
related outlets was compiled by using proprietary 6-digit
extensions to the Standard Industrial Classification codes
(581206, 581208, 581222), which included various fast-food
chain restaurants or franchises such as McDonald’s, Burger
King, and Wendy’s. The compiled data were then spatially
integrated within a geographic information system (ArcView
9.1; ESRI, Redlands, California) by using the existing geo-
graphic information system data provided by the Metro Data
Resource Center in Portland (www.oregonmetro.gov). All
records were successfully geocoded, with 94% matched to

the street address. For analysis, the number of fast-food out-
lets was divided by area in square miles (1 mile¼ 1.6 km) to
obtain a density measure (number of fast-food outlets per
square mile) for each of the 120 neighborhoods. Themeasure
was standardized and the resulting scores were further di-
vided into percentiles, with scores �75th percentile coded
as high-density neighborhoods and those below indicating
low-density neighborhoods.

Walkability index

In line with previously published studies (25–27), a walk-
ability index was calculated on the basis of a composite
score consisting of land-use mix, street connectivity, public
transit stations, and green and open spaces (12). Following
the recommendations of Frank et al. (26), scores for these 4
variables were standardized and summed, and the final
scores were divided into percentiles, with scores �75th per-
centile coded as high-walkability neighborhoods and scores
below indicating low-walkability neighborhoods.

Covariates

Unless noted, measures of covariates were derived from
the baseline data. On the basis of prior research on the
correlates of obesity (9–12, 15), at the neighborhood level,
measures of residential density, median household income,
percentage of non-Hispanic black residents, and percentage
of Hispanic residents were included. At the resident level,
sociodemographic measures of age (1 ¼ 50–64 years,
0 ¼ �65 years), gender (1 ¼ female, 0 ¼ male), education
(1 ¼ high school diploma or lower, 0 ¼ some college or
higher), household income (1¼ �$29,999, 0¼ �$30,000),
race/ethnicity (1 ¼ non-Hispanic black, 0 ¼ otherwise), to-
bacco use (1 ¼ current user, 0 ¼ never or no use), employ-
ment status (1 ¼ currently employed, 0 ¼ not employed),
and health status (5 ¼ excellent, 1 ¼ poor) were included.
Also included were the baseline values of body mass index,
weight, and waist circumference.

Data analyses

Neighborhood-level (aggregated) descriptive analyses
were performed by using analysis of variance to examine
mean-level change in weight and waist circumference strat-
ified by density of fast-food restaurants and walkability.
Major analyses were conducted by using multilevel model-
ing methodologies (28). The 2 dependent variables were
baseline-to-1-year-follow-up-change scores of body weight
and waist circumference. Primary independent variables
were density of fast-food restaurants and neighborhood
walkability at the neighborhood level, and eating out at
fast-food restaurants and change in moderate and vigorous
physical activity at the resident level. Confounding variables
included neighborhood-level covariates of residential den-
sity, median household income, percentage of non-Hispanic
black residents, and percentage of Hispanic residents and
resident-level covariates of age, gender, education, race/
ethnicity, household income, health status, smoking, and
body mass index.
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To justify multilevel modeling, we examined the neighbor-
hood effects on the outcome measures by calculating the
intraclass (intra-neighborhood) correlation, defined as a ratio
of between-neighborhood variability/(between-neighborhood
variability þ within-neighborhood variability). A 2-level hi-
erarchical linear model was then specified for each dependent
variable, and modeling was conducted in 4 steps. In step 1, we
estimated an unconditional model in which no between- or
within-neighborhood-level variables were specified. In step 2,
we estimated a random-coefficient model (main-effectmodel)
in which only between-neighborhood-level variables were
specified, whereas, in step 3, we estimated a similar model
inwhich only within-neighborhood-level variables were spec-
ified. In step 4, we built on the previous models by estimating
a model inclusive of both level-specific main and cross-level
interaction effects.

To model cross-level interaction effects, we added
neighborhood-level variables of density of fast-food restau-
rants and walkability as predictors of resident-level variables
of visits to fast-food restaurants and physical activity to
predict whether the 2 neighborhood-level variables account
for any between-neighborhood-level variation in change in
weight and waist circumference over time. The 3 a priori
cross-level interaction terms in the model were 1) density of
fast-food outlets by eating out at fast-food restaurants,
2) neighborhood walkability by change in moderate physical
activity, and 3) neighborhood walkability by change in vig-

orous physical activity. Final results of this model are sum-
marized and interpreted in the Results section. All statistical
tests were 2-sided. Model testing was conducted by using the
Hierarchical Linear and Nonlinear Modeling software (29).

RESULTS

Baseline participant and neighborhood characteristics are
presented in Table 1. The study population (mean age ¼ 62
years) was mostly men (57%) and white (92%), with an
average body mass index above normal (i.e., �25 kg/m2;
mean ¼ 29.08). Table 2 displays the association of baseline
neighborhood-level density of fast-food restaurants (high vs.
low) by walkability (high vs. low) with weight and waist
circumference. As shown, the baseline weight and waist
circumference values were the lowest for neighborhoods
with high densities of fast-food restaurants and high walk-
ability. In contrast, these baseline values were the highest for
neighborhoods with high densities of fast-food restaurants
and low walkability.

During the 1-year follow-up (2006–2007 to 2007–2008),
mean weight increased by 1.72 kg (standard deviation, 4.3)
and mean waist circumference increased by 1.76 cm (stan-
dard deviation, 5.6) for the overall sample. Table 3 presents
change scores from baseline, separated by high and low
densities of fast-food restaurants and walkability at the
neighborhood level, and residents’ health behaviors of visits

Table 1. Baseline Sample Characteristics of Study Participants and Neighborhoods by Neighborhood Walkability,

Portland Neighborhood Environment and Health Study, 2006/2007

Characteristics
High Walkability Low Walkability Whole Sample

No. % No. % No. %

Resident level (baseline: 2006–2007;
n ¼ 1,145)a

Age, years (mean (SD)) 63 (7) 61 (7) 62 (7)

Gender: male 185 56 471 58 656 57

Race: white 304 92 752 93 1,056 92

Annual household income: �$30,000 235 70 605 74 840 73

Education: >12 years 263 79 626 77 889 78

Body mass indexb (mean (SD)) 29.17 (6.7) 29 (6.4) 29.08 (6.5)

Health status: good to excellent 279 84 684 84 963 84

Visits to fast-food restaurants 66 20 175 22 241 21

Neighborhood level (baseline:
2006; n ¼ 120)c

Average population size 2,659 —d 1,664 — 1,931 —

Residential density: persons
per square mile,e mean

5,874 — 6,097 — 6,034 —

Residents aged �50 years 24,939 28 38,971 28 63,910 28

Neighborhood median family income, $ 38,314 — 50,645 — 47,152 —

Abbreviation: SD, standard deviation.
a Refer to the Materials and Methods section of the text for inclusion criteria; numbers of participants by level of

walkability: high walkability ¼ 332, low walkability ¼ 813.
b Calculated as weight (kg)/height (m)2.
c Numbers of neighborhoods by level of walkability: high walkability ¼ 34, low walkability ¼ 86.
d Not applicable.
e One mile ¼ 1.6 km.
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to fast-food restaurants and change in physical activity
(moderate, vigorous) at the resident level. Significant
between-group (i.e., fast-food density by visits to fast-food
restaurants, walkability by change in physical activity) dif-
ferences in change in weight and waist circumference were
observed (P < 0.05). Results show 1) for high-density fast-
food neighborhoods, a significant increase in weight and
waist circumference over time in those residents who made

weekly visits to fast-food restaurants (3.00 kg in weight,
4.47 cm in waist circumference); and 2) for high-walkability
neighborhoods, the least increase for residents who in-
creased their levels of physical activity (for moderate and
vigorous physical activity: 0.86 kg and 0.19 kg in weight
and 1.07 cm and 0.41 cm in waist circumference,
respectively).

With respect to inter-neighborhood variability, the results
indicate intraclass correlations of 0.18 and 0.19 for the out-
come measure of weight at baseline and at 1-year follow-up,
respectively, and of 0.15 and 0.18 in waist circumference at
baseline and at 1-year follow-up, respectively. These coef-
ficients indicate that about 18%–19% of the variation in
weight and 15%–18% in waist circumference was due to
between-neighborhood differences. The magnitude of these
coefficients indicates a reasonable amount of variation oc-
curring at the neighborhood level, providing justification for
multilevel analysis to examine between-neighborhoods-
level variation in change in the response variables.

Major results from multilevel analyses of change in out-
come measures are presented in Table 4. Visits to fast-food
restaurants and vigorous physical activity were the only 2
resident-level variables that predicted change in body
weight and waist circumference. With respect to the study
hypotheses, 2 of the 3 interaction terms were statistically
significant (P < 0.05). Results showed that, adjusted for
neighborhood- and resident-level sociodemographic charac-
teristics, 1) a high density of fast-food outlets was associated

Table 2. Study Participants’ (N ¼ 1,145) Measures of Weight and

Waist Circumference at Baseline (2006/2007) by Neighborhood

Walkability and Density of Fast-Food Restaurants, Portland

Neighborhood Environment and Health Study, 2006–2008

Neighborhood Walkability
(High vs. Low)a

Density of Fast-Food
Restaurants (High vs. Low)b

Weight, kg
Waist

Circumference,
cm

High Low High Low

High 82.83 84.08 96.09 98.54

Low 88.46 85.43 100.36 98.62

a Defined by percentile scores: high walkability¼ �75th percentile,

low walkability ¼ <75th percentile; high ¼ 34 neighborhoods, low ¼

86 neighborhoods.
b Defined by percentile scores: high density ¼ �75th percentile,

low density ¼ <75th percentile; high ¼ 30 neighborhoods, low ¼ 90

neighborhoods.

Table 3. Study Participants’ (N ¼ 1,145) Baseline to 1-Year Change in Weight and Waist

Circumference by Resident- and Neighborhood-Level Characteristics, Portland Neighborhood

Environment and Health Study, 2006/2007–2007/2008

No. of
Residents

Weight, kg
Waist

Circumference, cm

High Low High Low

Density of fast-food restaurantsa

Visits to fast-food
restaurants

�1–2 times 357 3.00 (4.98)b 2.24 (3.85) 4.47 (5.75)b 2.22 (5.42)

0 788 0.85 (4.25) 1.57 (4.31) 1.15 (4.99) 1.30 (5.70)

Neighborhood walkabilityc

Moderate physical
activity

Change 314 0.86 (4.59)d 1.60 (5.35) 1.07 (5.12)d 1.49 (6.02)

No change 831 2.08 (3.50) 1.74 (4.08) 2.62 (5.70) 1.60 (5.44)

Vigorous physical
activity

Change 333 0.19 (4.74)e 1.03 (5.32) 0.41 (5.48)e 0.96 (5.36)

No change 812 2.47 (3.13) 1.97 (4.06) 3.30 (5.45) 1.81 (5.68)

a High ¼ 30 neighborhoods, low ¼ 90 neighborhoods.
b Significantly different from the other 3 groups, P < 0.05.
c High ¼ 34 neighborhoods, low ¼ 86 neighborhoods.
d Significantly different from the High-walkability neighborhoods with No change group, P <

0.05.
e Significantly different from the High-walkability neighborhoods with No change group and the

Low-walkability neighborhoods with No change group, P < 0.05.
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with an increase of 1.40 kg (3.09 pounds) in weight and
2.06 cm (0.81 inches) in waist circumference among resi-
dents who frequently ate at fast-food restaurants; and 2)
high walkability was associated with a decrease of 1.2 kg
(2.65 pounds) in weight and 1.57 cm (0.62 inches) in waist
circumference among residents who increased their levels of
vigorous physical activity.

DISCUSSION

Findings from this study suggest an important interplay
between the built environment and individual lifestyle in
terms of change in adiposity. The significant interaction ef-
fects of neighborhood-individual characteristics indicate that
residents living in neighborhoods with a high density of fast-
food outlets who also visit these outlets weekly increase their
weight and waist circumference over time. This finding is
generally consistent with other studies involving cross-
sectional data that show a positive association between obe-
sogenic environments and overweight or obesity (12, 13, 15).

Our findings also show a significant interaction effect of
vigorous physical activity by neighborhood walkability on

1-year change in body composition, indicating that living in
high-walkability neighborhoods and engaging in vigorous
levels of physical activity are associated with decreases in
both weight and waist circumference. In contrast, we found
no evidence that, for high-walkability neighborhoods, en-
gaging in moderate physical activity reduces weight over
time. This finding may suggest either that it is insufficient
to engage in moderate levels of physical activity to change
body weight or that a 1-year lag is too brief to detect any
differences.

Although difficult to compare directly with other studies
because of differences in designs and methodologies, our
findings are generally congruent with those using cross-
sectional data in that neighborhood walkability contributes
towalking of various types (12, 25, 27, 30, 31) butmay not be
necessarily related to weight change (25, 32). In this regard,
the current study adds to the literature by considering effect
modification of neighborhood walkability between physical
activity and change in weight and providing evidence that,
for high-walkability neighborhoods, engaging in vigorous
physical activity helps to maintain or reduce weight over
time. It is not known, however, whether peoplewho are more
physically active tend to choose to live in high-walkability

Table 4. Multilevel Analysis of Change in Weight and Waist Circumference Over a 1-Year Period as a Function of

the Interaction Between Visits to Fast-Food Restaurants and Density of Fast-Food Outlets and Between Change in

Physical Activity and Neighborhood Walkability,a Portland Neighborhood Environment and Health Study, 2006–

2008

Weight, kg
Waist

Circumference, cm

b SEb
P value b SE P value

Variable (level-specific main effect)

Visits to fast-food restaurantsc 0.65 0.32 <0.05 1.06 0.41 <0.05

Change in moderate physical activityd ÿ0.23 0.29 0.41 ÿ0.37 0.37 0.32

Change in vigorous physical activitye ÿ0.90 0.33 <0.05 ÿ0.68 0.43 0.11

Neighborhood density of fast-food
restaurantsf

ÿ0.66 0.37 0.07 ÿ0.37 0.52 0.48

Neighborhood walkabilityg 0.52 0.35 0.13 1.10 0.52 0.67

Variable (cross-level interaction term)

Visits to fast-food restaurants by
neighborhood density of
fast-food restaurants

1.40 0.61 <0.05 2.06 0.41 <0.05

Change in vigorous physical activity
by neighborhood walkability

ÿ1.20 0.59 <0.05 ÿ1.57 0.77 <0.05

a Analyses were adjusted for neighborhood- and resident-level baseline sociodemographic characteristics, in-

cluding age, gender, education, household income, race/ethnicity, smoking, health status, body mass index, weight,

and waist circumference at the resident level and for residential density, median household income, percentage of

non-Hispanic black residents, and percentage of Hispanic residents at the neighborhood level.
b Standard error (SE) of the estimate.
c Resident-level variable—measured on a 2-point scale: 1 ¼ 1–2 times or more, 0 ¼ never or less than once per

week.
d Resident-level variable—defined as values�75th percentile of change (90 minutes/week) (coded as 1) or below

(<90 minutes/week) (coded as 0).
e Resident-level variable—defined as values�75th percentile of change (15 minutes/week) (coded as 1) or below

(<15 minutes/week) (coded as 0).
f Neighborhood-level variable—defined by percentile scores: high density ¼ �75th percentile, low density ¼

<75th percentile. Refer to the Materials and Methods section of the text for more information.
g Neighborhood-level variable—defined by percentile scores: high walkability¼ �75th percentile, low walkability¼

<75th percentile. Refer to the Materials and Methods section of the text for more information.
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neighborhoods or vice versa, indicating that additional
study of this relation is warranted.

Study limitations

This study is limited in that the study population included
2 age cohorts—middle-aged and older adults. It is possible
that, compared with younger adults, older adults in the study
population may experience more life-related transitions,
such as from employment to retirement, with an attendant
drop in income. Therefore, although we controlled for em-
ployment status, personal income, and age in our analyses,
weight status may be influenced by factors not fully ac-
counted for in the current study. Second, although we were
unaware of any ongoing community-based interventions,
the observed change (e.g., decreases in weight and waist
circumference among those physically active and living in
high-walkability neighborhoods) may have been affected by
increased local health promotion efforts or awareness of
health-related issues that may have impacted residents’
weight status or physical activity. Third, we did not consider
change in built environment attributes that were minimally
observable given the 1-year observation period. With a lon-
ger follow-up period, future studies may determine whether
change or variation in the built environment is related to
change in weight.

Future research and public health implications

Future research efforts should extend the longitudinal,
multilevel framework used in this study to investigate more
complex person-to-environment influences. For example, in
the current study, we found that significant influences of
both neighborhood fast-food density and walkability mod-
erate the relation between individuals’ lifestyles (i.e., eating
habits, physical activity) and change in body weight and
waist circumference. Significant implications may arise in
public health and urban planning if future studies begin to
look into specific roles that neighborhood walkability plays
in ameliorating the influence of fast-food density/restaurant
visits on change in body composition. Similarly, it is plau-
sible that more convenient access to unhealthy fast food,
coupled with decreased levels of physical activity, may in-
crease weight. Therefore, the role of physical activity in the
context of high- and-low-walkability neighborhoods should
be examined to better understand its unique influence on
built environment factors, which, directly and indirectly,
affect overweight and obesity in adults. This information
can guide public health investigations to slow the pace of
the growing epidemic of obesity.

In the United States, more than 30% of adults are obese
and approximately 65% are considered overweight, and the
prevalence of obesity continues to increase (33–35). Con-
sensus is growing that the built environment impacts health
(18, 21, 22). From a public health perspective, a number of
implications from this study are worth noting. First, weight
status changes in middle-aged and older adults, and these
change are influenced, at least in part, by built environment
characteristics such as density of fast-food restaurants and
neighborhood walkability, in conjunction with individual

lifestyle factors (i.e., eating habits, levels of physical activ-
ity). Findings thus suggest that intervention and prevention
efforts to reduce overweight or obesity by simply focusing
on encouraging individuals to change their unhealthy eating
habits may be insufficient. Additional effort is needed to
improve the built environment to promote healthy weight
status. Second, it is increasingly evident that public health
professionals need to develop more effective strategies to
improve food-environment conditions by better regulating
fast-food businesses or increasing consumer awareness of
the nutritional characteristics of fast food. Lastly, and per-
haps most importantly, the findings suggest the potential
value of promoting neighborhood walkability to increase
physical activity to combat the negative influences of fast-
food density. In this respect, urban planners need to promote
key features of neighborhood walkability, such as mixed-
land use, interconnecting streets, convenient transit loca-
tions, and compact but walkable communities that support
healthy lifestyle changes.

ACKNOWLEDGMENTS

Author affiliations: Oregon Research Institute, Eugene,
Oregon (Fuzhong Li, Deborah Johnson-Shelton); Depart-
ment of Exercise Science, Willamette University, Salem,
Oregon (Peter Harmer); Department of Nutrition and Exer-
cise Sciences, Oregon State University, Corvallis, Oregon
(Bradley J. Cardinal); Metro Regional Services, Portland,
Oregon (Mark Bosworth); Department of Human Services,
Oregon Health Division, Portland, Oregon (Jane M. Moore);
Human Development and Family Sciences, Oregon State
University, Corvallis, Oregon (Alan Acock); and College
of Sport Science, Burapha University, Chonburi, Thailand
(Naruepon Vongjaturapat).

The work presented in this paper was supported by a re-
search grant from the National Institute of Environmental
Health Sciences, National Institutes of Health (grant
1R01ES014252).

Conflict of interest: none declared.

REFERENCES

1. US Department of Health and Human Services. The Surgeon
General’s Call to Action to Prevent and Decrease Overweight

and Obesity. Rockville, MD: US Department of Health and
Human Services, Public Health Service, Office of the Surgeon
General; 2001. (http://www.surgeongeneral.gov/topics/obesity/).

2. Overweight, obesity and health risk. National Task Force on
the Prevention and Treatment of Obesity. Arch Intern Med.
2000;160(7):898–904.

3. Must A, Spadano J, Coakley EH, et al. The disease burden
associated with overweight and obesity. JAMA. 1999;282(16):
1523–1529.

4. Patterson RE, Frank LL, Kristal AR, et al. A comprehensive
examination of health conditions associated with obesity in
older adults. Am J Prev Med. 2004;27(5):385–390.

5. Finkelstein EA, Fiebelkorn IC, Wang G. National medical
spending attributable to overweight and obesity: how much,

Built Environment and Change in Body Weight 407

Am J Epidemiol 2009;169:401–408



and who’s paying? Health Aff (Millwood). 2003;Jan–Jun;suppl
Web exclusives:W3-219–W3-226. (http://content.healthaffairs.
org/cgi/content/full/hlthaff.w3.219v1/DC1). (Accessed May 5,
2008).

6. Finkelstein EA, Fiebelkorn IC, Wang G. State-level estimates
of annual medical expenditures attributable to obesity. Obes
Res. 2004;12(1):18–24.

7. Wolf AM, Colditz GA. Current estimates of the economic cost
of obesity in the United States. Obes Res. 1998;6(2):97–106.

8. National Heart, Lung, and Blood Institute of the National In-
stitutes of Health. Clinical Guidelines on the Identification,

Evaluation, and Treatment of Overweight and Obesity in

Adults: The Evidence Report. Bethesda, MD: National Insti-
tutes of Health; 1998. (NIH publication no. 98-408).

9. Ewing R, Schmid T, Killingsworth R, et al. Relationship be-
tween urban sprawl and physical activity, obesity, and mor-
bidity. Am J Health Promot. 2003;18(1):47–57.

10. Frank LD, Andresen MA, Schmid TL. Obesity relationships
with community design, physical activity, and time spent in
cars. Am J Prev Med. 2004;27(2):87–96.

11. Joshu CE, Boehmer TK, Brownson RC, et al. Personal,
neighborhood and urban factors associated with obesity in the
United States. J Epidemiol Community Health. 2008;62(3):
202–208.

12. Li F, Harmer P, Cardinal BJ, et al. Built environment, adiposity
and physical activity in adults aged 50–75. Am J Prev Med.
2008;35(1):38–46.

13. Li F, Harmer P, Cardinal BJ, et al. Obesity and the built en-
vironment: does the density of neighborhood fast-food outlets
matter? Am J Health Promot. 2009;23(3):203–209.

14. Maddock J. The relationship between obesity and the preva-
lence of fast food restaurants: state-level analysis. Am J Health

Promot. 2004;19(2):137–143.
15. Mehta NK, Chang VW. Weight status and restaurant avail-

ability: a multilevel analysis. Am J Prev Med. 2008;34(2):
127–133.

16. Mobley LR, Root ED, Finkelstein EA, et al. Environment,
obesity, and cardiovascular disease risk in low-incomewomen.
Am J Prev Med. 2006;30(4):327–332.

17. Mujahid MS, Diez Roux AV, Shen M, et al. Relation between
neighborhood environments and obesity in the Multi-Ethnic
Study of Atherosclerosis. Am J Epidemiol. 2008;167(11):
1349–1357.

18. Papas MA, Alberg AJ, Ewing R, et al. The built environment
and obesity. Epidemiol Rev. 2007;29:129–143.

19. Rundle A, Diez Roux AV, Freeman LM, et al. The urban built
environment and obesity in New York City: a multilevel
analysis. Am J Health Promot. 2007;21(4 suppl):326–334.

20. Cummins S, Macintyre S. Food environments and obesity—
neighborhood or nation? Int J Epidemiol. 2006;35(1):
100–104.

21. Ewing R. Can the physical environment determine physical
activity levels? Exerc Sport Sci Rev. 2005;33(2):69–75.

22. Hill JO, Peters JC. Environmental contributions to the obesity
epidemic. Science. 1998;280(5368):1371–1374.

23. Pfeiffer E. A short portable mental status questionnaire for the
assessment of organic brain deficit in elderly patients. J Am
Geriatr Soc. 1975;23(10):433–441.

24. Centers for Disease Control and Preventions. Behavioral Risk
Factor Surveillance System. (Available at: http://www.cdc.
gov/brfss). (Accessed May 1, 2008).

25. Berke EM, Koepsell TD, Moudon AV, et al. Association of the
built environment with physical activity and obesity in older
persons. Am J Public Health. 2007;97(3):486–492.

26. Frank LD, Schmid TL, Sallis JF, et al. Linking objectively
measured physical activity with objectively measured urban
form: findings from SMARTRAQ. Am J Prev Med. 2005;
28(2 suppl 2):117–125.

27. Owen N, Cerin E, Leslie E, et al. Neighborhood walkability
and the walking behavior of Australian adults. Am J Prev Med.
2007;33(5):387–395.

28. Raudenbush SW, Bryk AS. Hierarchical Linear Models.
Thousands Oaks, CA: Sage; 2002.

29. Raudenbush SW, Bryk A, Cheong YF, et al. HLM6: Hierar-

chical Linear and Nonlinear Modeling. Lincolnwood, IL:
Scientific Software International; 2004.

30. Gauvin L, Riva M, Barnett T, et al. Association between
neighborhood active living potential and walking. Am J Epi-

demiol. 2008;167(8):944–953.
31. Nagel CL, Carlson NE, Bosworth M, et al. The relation be-

tween neighborhood built environment and walking activity
among older adults. Am J Epidemiol. 2008;168(4):461–468.

32. Eid J, Overman HG, Puga D, et al. Fat city: questioning the
relationship between urban sprawl and obesity. J Urban Econ.
2008;63:385–404.

33. Ogden CL, Carroll MD, Curtin LR, et al. Prevalence of over-
weight and obesity in the United States, 1999–2004. JAMA.
2006;295(13):1549–1555.

34. Wang Y, Beydoun MA. The obesity epidemic in the United
States—gender, age, socioeconomic, racial/ethic, and
geographic characteristics: a systematic review and meta-
regression analysis. Epidemiol Rev. 2007;29:6–28.

35. Wang Y, Beydoun MA, Liang L, et al. Will all Americans
become overweight or obese? Estimating the progression and
cost of the US obesity epidemic. Obesity (Silver Spring).
2008;16(10):2323–2330.

408 Li et al.

Am J Epidemiol 2009;169:401–408


